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R'RTHKR  OBSKRVATIONS  ON  THI.  DM  KKRKNTI.M. 
AITION  OK  ADKKNAI.IN 

FRANK    A.    HAKTMAN    a><h    I.OIS    \t,  ViW.UH.W 
Prom  Ihr     hftialotual  Lahotatofy,  [  'ntvttiUy  Kf  Tofonlu 

Rerrj\v«l  Uw  iMtMlraliim  Marih  17,  11117 

In  the  ctturtw  «if  a  wt'w*  cif  ex()(>rinH-ntit  iifrfiirmtd  by  one  of  w*  and 
wportfjl  in  rhis  Journal  (I),  it  wait  found  ihal  \\\v  fall  in  ({rncral  MinmI 
prrssun-,  which  i»  raum-<l  by  the  intrawnoun  inji-t  tion  of  Mnall  doMn 
of  adrinalin,  iH  not  brought  al)out  by  dilatation  in  the  vvstMl-.  ot  all  |»ar(» 
of  thf  Ixxly  alike.  In  an  animal  in  which  the  artiTit-t  to  tho  alnlotni- 
nal  ornanii  ha\-e  Ut-n  clamix'd,  injettionH  of  a  standard  small  clom-  of 
adrenalin  caused  much  the  wime  fal,  i-  had  previously  inrurrid  in  the 
intact  circulatifin.  On  the  other  hand,  when  the  arteries  to  the  limbu 
itre  occluded,  those  to  the  splanchnic  area  Ijeing  intact,  the  rt-action 
to  the  standard  dose  was  changed  from  a  pure  fall  to  a  rise  of  bliMnj 
pressure,  a»  reginterwl  from  the  carotid  artery.  In  that  res«'arch  the 
only  flistinction  drawn  was  the  broad  one  as  lietween  the  reaction-  of 
the  "peripheral"  circulation  on  the  one  hand,  which  incluiled  the  ves- 
lelsof  Ixine,  muscle,  and  skin,  and  that  of  the  "splanchnic"  circulation 
on  the  other,  which,  as  well  as  comprising  the  vessels  of  the  altdominal 
and  thoracic  viscera,  necessarily  included  those  of  the  muscles  of  the 
thorax  and  back.  The  present  reseanh  was  undertaken  with  a  view 
to  following  out  the  subject  of  the  differential  action  of  adrenalin  some- 
what more  in  detail,  and  in  the  hope  of  arriving  at  some  ctmclusion  as 
to  the  mechanism  involved  in  the  vascular  adjustment  caused  by  it. 

Oncomctric  experiments  were  carrie<l  out  on  intestine,  spleen,  and  ki«l- 
ney.  While  our  research  was  in  prrtgress  the  appearance  of  the  piijier 
by  Hoskins,  Gunning  and  Berry  (2)  made  further  investigation  of  the 
reactions  in  skin  and  muscle  unnecessary. 

In  every  case  simultaneous  records  were  taken  of  the  reactions  of  at 
least  two  organs  in  response  tr  adrenalin,  since  we  considered  it  of  im- 
portance to  determine  whether  the  same  range  of  dose  which  caused 
constriction  in  any  one  abdominal  organ  al&o  caused  constriction  in  all 
the  others,  and  whether  the  amount  giving  rise  to  dilatation  in  one  was 
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iii'ii'>».>ril>  (III  >.itii('  .1*  th.ii  mIiiiIi  <  ■iU'H'iI  .tnoiltcr  l<>  diluli-  '^lut 
thi  tiMi  iHih  lit  .iM\  iirK.iti  III  .1  uivi'M  <liiM'  iii.i>  \.tr\  lint  only  .11  '.ii|2 
(lifftrciit  MiitiM<lu.tlit.  Iiui  .iImi  in  tlit-  nana-  in<li\tilu.il  ilurtni;  the  in  11.1.I 
(if  .III  f)(|N'rinM-nt.  ii  i*  iirti'MHiry  to  rn'oni  ihr  chiiniifo  iMtiirrin).  t 
ih«'  Niiiir  .tiiiiii.il.  ,ii  ih«-  '•.line  limr 

riit'  .iiiiiii.ili  ii^-il  Mi-re  liiiK*  iiiid  (■II*  ill  iv^ii  of  tfi)'  t'X|wriiii«  <i! 
iht'  l.iiiir  HI-  titj«-«  It'll  iircili.«iic  nuiM'ut.tiiriiuiilv:  in  •ill  iIh-  uttiii 
.iiit'-thi'iii  v^.i>  I'ltu-r  illiMxl  iirt'Mtirc  h.i»  r('|{i>li-rctl  frmii  ih«  i^l,' 
c.iruliil  .iri('r\  liijfi  liniii  nf  .ulrt'iMlMi  wvn-  ninlc  mill  .1  ki'-kIh  •'  <! 
x>riiiKt'.  the  iicf<llc  of  chilli  m.i«  ihrii»t  throUKh  iIk'  \^>ili  of  ,1  pii"  1! 
riiltlnr  lithiiiK  lilUil  lo  ,1  i.iniml.i.  wliirli  w.i»  itiMriid  low  ill  lli<  kit 
jiiKiil.ir  vein.  The  .iilri'n.ilin  Miliiiioii  ii-m'iI  v^.ik  lli.tt  iii.iiiiif.ii  1  iu<l 
l>\  I'.irki  .  |).i\i»  .iiiii  t  iiMi|».iii\  ,  I  l.(MM>,  ililiiuil  wilh  ili-lilUil  witcr 
III  ihi-  roiuircd  •iri'iintli  iiiiiiU'di.ilclN  U-fun-  um-.  In  f.it  h  fX(>iriiii.  i-i 
ttii'  lir^i  injt'Clionn  w.rv  iii.uli-  of  .1  oolutioti  I  l<M).IMN>;  whfii  Mrt^i 
doM-o  tt«ri'   rfi|tiiri-d.   .!•<  w.' .  ofu-ii    llu-  i.im-   in   MnrkiiiK  «ilh  doK      ifi 

l>rffiTi'iu !•  Ill  injvciiiiK  i  ni;. 
i|iiantttifi>  of  (tiniillcd  w.iii  1  in 
III  llu-  .inini.irH  cirriiKiliixi  ui 
>>ul)!>tilutt'd  fur  the  tiiiirt-  <liliiii 
-iiluiiiiii  inif  of  a  xtri'tinil'  '•• 
I  :  l().(XM)."  The  duriitioiii.il  (ill 
injection  wa?*  >i|{iial('d  mi  tin 
ri'toril  lic-low  ihf  tinir  iii.nkrr 
No  ><|)i'('ial  prfiautions  wi-rc  t.iki-n  a^*  to  ahMilulc  uiiifortnity  in  tlu  iiii 
of  injirtion,  but  it  wait  kept  fairly  constant,  ami  was  in  all  (.ise»  -I'  w 
a.>>  hIhiwii  l>y  the  rerord". 

In  some  ex|HTiiiu-nt!«  we  left  the  vii({i  intart ;  in  the  majority  tlu\  «>  ri 
(III.  We  were  unable  to  obsnTVe,  however,  any  !»|H'(  ific  tifeit  nl  ilux' 
on  the  reaction  of  any  orK.in  to  adrenalin  except  the  f.imiliar  um  of 
cardiac  inhibition  caum-d  b\-  larj^e  doM's,  with  the  conse<|uent  i;rc.ii 
ris«'  in  IiIimkI  pressure. 

The  oncometers  which  we  used  for  kidney  and  for  intestiiu  uirc 
gutta  (K-rcha  ones  of  the  ordinary  ty(X',  fitted  with  glass  lids  Ihr 
early  ex(X'riments  on  the  spleen  were  done  with  the  siinie  oncoim  ur^: 
later  we  had  a  series  of  special  ones  made.  These  were  modelled  iltir 
the  shafx-  of  the  .spleen  (see  fig.  1)  and  were  provided  with  two  lip-  lnr 
stalks,  si'piiiated  by  aliout  O.tl  cm.  in  the  smaller  and  1.5  cm  in  thr 
larger. 

As  recorders  in  the  first  few  experiments  we  used  Marey's  <|riim»; 


I  Ik    I    litilt.i  |H'ri  h.i  oiuoiiH'iir  fur  »|il<'t'n 
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u(. .  »«  >uUiiiii(nt  (or  iJirn*'  ivllnw.  itHonkr*.  whwh  h^vr  ihi  .iilv.in. 
u%>  "i  riinnliriK  ><'lium  .  lMiH{t»  wiihoiit  tninxltK  iiik  .tli.r.in.Mi.  ..I 
,».,Mirr  within  th.  .X.I. HI  iii...|f  In  *v.  r.il  .xiwriimni.  ihi  t..r.ril.r» 
».r.  i.ilihr.ilt'il  li\  in|it  iHMii  III  knitwn     Mhiim-mif  air. 

lilt  |»r««»iir..  inKNic  ilw  «>i.tim  .  >  ntl  IJtilc  fmni  .HMi.«t»ht  ri.  , 
,(i  t>ri'»Mf  »«•  r.iJM^I  e»n-  |iri»»nn'  iini  liu'  InII..w„  h«  m-  .ilimir  half 
hllnl,  .hmI  wi-n-  thum  .iiljuolttl  tu  gi>T  nMiitniiim  \.iriaiinn*  in  tiihrr 
itirniHHi 

INfl  '.||N> 

\  I<><||>  of  ihf  Kitull  inltitlinc, 
.ii«iiii  Mm-ihini  of  it*  total  k'nKth, 
»,i-  ««lfct««|,  KtfMfalU  ih.il  iiniiH'- 
ili.iiily  alio\«'  ihc  lat'iutn,  sinci- 
(hi  MihnI  M-NMfJM  tlur«-  art-  Iohk 
mil  liirm  a  ron\Tni«'ni  ntalk  Two 
jkiir-  (if  <lotilili>  li|{aiurt-ii  Win-  tied 
ilmiit  its  low«rtn<l.  .lUiut  2  iiu  h«"» 
.i|).irt,  thr  I)I<mm1  vi-Mt-U  »up|ilyinK 
thr  (lii-a-  betwt>«n  ihi-  liKatiirt-M 
iitil  ofT,  an<l  th»'  pitti-  of  intcHtinf 
ntti(i\i<l.  A  itimilar  ofifratifin  wan 
(nrfnrniwl  ut  thi-  upfirr  vnii  of  the 
nqiiirid  k'nKth.  an<l  iht-  liwip  was 
n.iily  to  lie  placet!  in  the  oncom- 
iitr  without  the  netfHNity  of  fur- 
thtr  cii!,)«ecti<in.  other  than  dimply 
ilitfinK  the  ineM-ntery  for  an  inch 
ir  iwn  on  either  siik-  of  the  stalk. 
Btforc  putting  the  ItMip  into  the 
muiimcter  we  washed  <iut  ifst  con- 
itnt'<  with  warm  sidine.  This 
prmi  ;s  the  slow  formation  of  gas  which  otherwisj.  takes  place  within 
the  lumen,  and  which  interferes  with  the  records  of  volume  changes 
iluf  t.i  the  circulation  alone.  The  whole  operation  from  the  time  the 
jl*l<.riRn  was  opene<i  until  the  intestine  was  put  into  the  oncometer 
»a>  not  longer  than  fifteen  or  twenty  minutes.  DurinK  this  time  the 
■nlisimal  |,K)p  and  the  other  aUlominal  contents  were  kept  (.ivere<l 
with  warm  vdine  pads. 

In  ihc  Kn-at  majority  of  cases,  the  effect  of  d(wes  of  adrenalin.  Inith 
•argf  and  small,  was  to  cause  constriction  of  the  intestine.     In  all  of 


Fig.  2.  (ViiKtrirtiim  nf  ilir  intr^tinr 
(ollowiriK  injettion  irf  .1  imjll  i1.mh-  of 
adrenalin  (0  Ut  ,  I  :  lOO.CKWi  Dog  M 
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thrar   rki-*  rtntrnU   *m4ll   iIum*   luuM'it   ixily   iimvirirliim    (Ak*     '.'    tmj 
tt),  >!•  ihr  «|»MnMt>   <if   oilrrnjlin  *.!•  imrrawi),  howrvTr,  4  pfitl-  ^  ^nj 
anil    nurkril    ititat4tH>n    •u|«'rwm-(i    itn    Ihr    itrrlimin.iry    nmcin.  n,, 
(wF  ft||«    -I  •itiit  7)         riitri'   Mrn*  Iwii    rurption*,  in  wNkH  ihi     t<  , 
tflrtliv-r    iUm-    rrtuoril    i|ilalaii«m.      Tlwnc    iHtiirn'tl    iliirinK    »h«       .r; 
rK|irrmM-nl*,  lirlon'  wr   hait  fully   rralixrtl    ihr    tmimrlancr    oi   •  >t: 
nklcly  mtuiviiiK  it-'*  l^'xn  'Im*  Inntrit,  jml  «i-  iimiii.lrr  ii  |in>tMl)i<   iiir 
ihia  imrraM-  tii  vuliimf  <>(  thi-  Ump  w.i*  i^tmril  hy  ihr  n'laii.ilMtii     >  ■;« 
muMk'M  of  lU  *n\U,  untk-r  the  itilitM-tiir  ii(  ihr  .utrcn.ilin. 

Thr  lhrfi>h«>l«|  (i»r  ihr  «im»ir«lor  i-rtrti  w.m  ithuwii,  in  ihr  «ix  t\|.r; 
mrnt*  in  «»hi«h  it  wa*  r|rtrrniim-il,  lo  vary  within  f.tirly  wiilr  Init.  . 
from  0(M4  l<>  (Iff?  n  .lilriiialiii  I  l(M),INN)  |h  r  kil<it{r.ini  iMviy  mi  i^fn 
that  IK,  It  w.i»  rr.uhril  by  tl<>M'»  niuh  an  almi  cauM-tl  a  »Ufiht  fall  in  l.l.a<i 
prriwurr.  'Ihr  |{fnrral  rr«rnilili»ntr  uf  ihrw  twci  lurv-i'ii,  in<k'«'<l.  tuAt 
it  ul  firnl  ulantr  apiwar  inwnihlr  thai  thr  onr  rffrti  may  Iw  <|r(»  ii.|.  ir 
on  thr  othrr,  aiicl  that  thr  c«>n«lrii  lion  in  thr  iiitrntinr  may  Ih'  n..ilii(t|; 
morr  than  a  <l«rcai*  of  litofKl  nupply  ti»  itn  vtmvU,  cauarti  by  ihr  Ifvu-f 
inK  o(  thr  Krnrr.il  IiIimmI  [trriMuri'.  I.atrni  |irri<KN,  duration,  aihl  ili- 
grrr  of  th-irraur  o(  inlrHtinal  \-olumr,  alMi  lirar  uimv  rrlatiim-luir  '" 
iht  wnw  fhannrit  in  thr  g  nrral  I>I<mk|  |>rr»«urr.  fkmrr  in«pr«iHrii  ,,i 
thr  tablr*  (I  and  2).  howrvrr,  ahows  rlrarly  that  thin  i»  not  th«'  !,»•< 
Though  thr  diminution  in  intr»tinal  vulunir  u'rwr'Hy  <hi  iir»  »« mmi 
M-ccHidii  after  thr  iH-ginning  of  the  fall  of  IiIimmI  |)rr!iMurc,  thi*  i*  not  ilwiv  < 
the  ta»t";  f»)r  inxtanrr  in  rxprrimrnt*  i;i,  II,  and  21),  thr  rrronl-  ^h>m 
the  intestinal  ik-crraiti'  to  prrrrilr  that  of  thr  I>|cmk1  prrMMurr  by  ■*  vvri! 
neromlM,  and  our  notr*.  madr  <liirinK  thr  rouriir  of  thr  rx|)«riniint' 
CO.  oUiralr  this  .i"*  actually  wrurrir'g,  an«l  not  In-ing  dur  to  .»  |i.i>Mtil« 
faulty  alignment.  The  lintr  of  thr  teuMt  intrhtin.il  volumr  dm'^  n<>' 
correspond  to  that  of  thr  iowrttt  IiIckkI  preswurr,  nor  is*  the  dur.iiion  .it 
tht  coiiitrirtion  the  nanir  a»  that  of  bIwKl  pressure  fall.  (See  t  \()fri 
mert*  7  and  13,  where  it  in  greater,  and  ex|HTimentH  :),  IH  .tint  2li 
whe  e  it  ii  materially  le»i*.)  Above  all,  the  constriction  does  mti  ulcf 
place  only  when  the  tlose  is  such  as  to  cause  a  fall  of  bl<sKi  pro-uff 
constriction  of  the  intestine  occurs  time  an<l  time  again  when  th*  I'luni 
pressure  is  al)ovc  and  not  below  its  normal  level  (see  figs.  3  and  "! 

The  dose  of  adn-nalin  necessary  to  cause  a  dilatation  of  the  inttntiiK 
to  follow  on  this  consini  lion  is  as  variable  as  is  the  threshold  (i>i^'  f^r 
the  constriction  itsrif.  It  varies  from  0.04  to  0.31  cc.  of  a  N'lution 
1  :  100,000  per  kiti>gram  in  dogs,  and  in  cats  it  is  about  0.4  cc.  Thr 
latent  period  of  the  dilatation  is  longer  than  that  of  the  constriction. 


i>irr»ak>iiiAi,  .mtnim  tw  uHiir«i.\i.is 


Hg    ;»    I'rrl.iiMiury  tim«(rt<«H>n  (..lk.*r.|  hy  |irol.inK<il  .hUijium  >,(  ihr  inlialini' 
fjuwwl  in  thr  wue  iininMl  4<  thai  <>(  Aniir*  i,  liy  4  largrr  <1t«ir  lOi  r«  ,   I       lO.IMJII 


KiK  4.  Roartion  of  same  loop  of  intrnlinc  an  that  of  fiuurrii  2  and  3.  to  a  .low  of 
Jdnnilin  of  much  the  »ame  magnitude  (0.3  ex.,  I  :  10.000)  4«  that  of  (tRurp  :i,  afl<r 
thr  I  .«-liac  and  iuperior  mownteric  ganglia  had  U-rn  nmovinl,     {RetlucH  J) 
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anil  ihf  t'  t  is  as  if  the  one  were  superimposed  upon  the  other  \- 
the  (lose!-  .iV  increased  from  the  threshold  d(»*'  on,  the  resultiM^;  ron- 
striction  InTomes  more  and  more  marked  and  its  duration  lon^ii 
Ona-  the  dosi-  is  great  enough,  however,  to  cause  dilatation,  this  iiu- 
sliort  the  first  eftect,  with  the  result  that  the  latter  is  reduced  l>y  Irmv 
»ine-tourth  to  two-thirds  of  its  former  length.  The  volume  diiiii;) 
l)r(»UKht  alH)Ut  by  dilatation  is  much  larger  than  that  caused  by  luii 
striction.  For  instance,  in  a  dog  of  2o  kilograms  the  constriction  rr- 
duced  the  volume  of  the  sy:,tem  of  the  intestinal  oncometer  by  1  k  , 
while  the  dilatation  increased  it  by  more  than  5  cc. 

The  obser-  ations  on  the  resemlilance  of  the  curve  of  constriction  to 
that  of  the  general  blood  pressure  may  l)e  applied  in  much  the  ^  iiiu 
way  to  this  case  also,  for  in  increasing  the  doses  of  adrenalin  sufficient Iv 
to  cause  a  <lilator  ettect  in  the  intestine,  in  a  few  cases  we  crossed  tht 
threshold  for  pressor  ctTect  on  the  blood  pressure.  The  same  argu- 
ments, however,  which  prevented  our  accepting  the  explanation  ,t 
passive  effect  in  construction,  are  also  valid  in  this  case.  The  latmt 
f)eriods  of  intestinal  effect  are  longer  than  those  of  blood  pressure  fall, 
the  time  of  ma.ximum  dilatation  never  coincides  with  that  of  maximum 
rise  of  pressure,  and  its  duration  is  far  greater,  in  many  instances  two 
to  three  times  as  long  (experiments  21,  22,  23,  table  2).  As  lx;fore, 
t(H),  the  occurrence  of  the  intestinal  effect  does  not  depend  on  the 
nature  of  the  bUxKl  pressure  change;  we  have  several  records  which, 
like  experiments  3  and  7,  show  a  marked  increase  in  intestinal  volumi 
during  a  fall  in  general  blood  pressure. 

As  a  possible  explanation  for  the  occurrence  of  increase  in  the  intes- 
tinal volume,  after  injections  of  doses  of  adrenalin  above  a  certain.  >i/c, 
it  might  be  suggested  that  such  doses  are  just  sufficient  to  affect  the 
intrinsic  nervous  system  of  the  intestine  and  to  bring  about  relaxatioti 
of  its  walls,  thus  permitting  expansion  of  the  blood  vessels  within  them. 
To  investigate  this,  we  inserted  a  rublier  balloon  into  a  jiart  of  the  in- 
testine immediately  adjacent  to  that  which  furnished  the  loop  in  the 
oncometer,  injected  a  small  quantity  of  air,  and  connected  it  to  a  s-niali 
liellows  recorder,  which  made  a  tracing  below  the  oncometer  rerord. 
By  this  it  was  found  that  injections  so  small  as  to  cause  only  a  flight 
fall  in  bl(X)d  pressure  were  sufficient  to  bring  alxiut  a  relaxation  of  the 
intestinal  wall,  and  that  as  the  dose  was  increased  no  well-marked  dif- 
ference could  be  observed  in  the  reaction  of  the  intestinal  wall  lo  that 
dose  which  first  gave  dilatation  in  the  oncometer,  nor  to  any  ot  the 
.succeeding  ones. 
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In  an  attempt  to  decide  upon  the  origin  of  this  dilator  effect  of  ad- 
renalin we  sevx-red  connection  lx>tween  the  loop  of  intestine  involwd 
and  the  central  nervous  system,  by  dissecting  and  removing  the  two 
ciieliac  ganglia  and  the  superior  mesenteric  ganglion,  or  by  cutting 
the  splanchnic  nerves.  In  all  experiments,  five  in  all,  after  this 
operation  was  performed,  the  dilatation  by  adrenalin  wa .  entirely 
di)ne  away  with,  and  doses  which  previously  had  caused  a  preliminary 
constriction  followed  by  a  dilatation  now  gave  nothing  but  a  simple 
constriction  of  the  loop  (see  fig.  4). 


Fig.  5.  Constriction  in  spleen,  followect  by  a  series  of  waves,  after  injection  of  a 
small  dose  of  adrenalin  (0.1  cc,  1  :  10,000).     Dog  19  (Reduced  J) 

yiE   SPLEEN 

In  the  dissection  of  the  spleen  the  gastrosplenic  ligament  with  its 
numerous  fat  vessels  was  ligatured  olT,  bit  by  bit,  and  cleared  away 
from  the  neighborhood  of  the  splenic  blood  vessels.  In  the  early  ex- 
periments those  of  the  latter  which  supply  the  upper  half  of  the  spleen 
were  also  tied  off.  After  two  or  three  of  these  dissections,  however, 
we  were  so  dissatisfied  with  the  appearance  of  the  spleen  imder  these 
conditions  that  we  adopted  a  splenic  oncometer  with  two  lips.  This 
enabled  us  to  leave  all  vessels  supplying  the  splenic  substance  intact, 
iMtpt  sometimes  that  to  the  extreme  tip  of  the  upper  end,  which 
t)oun(i  the  organ  too  closely  to  allow  of  its  being  put  into  the  oncom- 
eter.    With  the  exception  of  this  small  piece,  the  spleen  remained  in 
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exci'lk-nt  condition,  even  during  the  course  of  an  experiment  lasting 
over  se\-eral  hours.  During  dissection  we  protected  it  with  salitit 
pads,  and  we  warmed  the  oncometer  to  receive  it. 

Of  the  dogs,  ten  in  all,  which  we  investigated,  seven  showed  (>u\y 
constriction  in  the  spleen  in  response  to  the  whole  range  of  doses  of  adrt- 
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Fig.  0.  Dilatation  in  spleen,  and  constriction  in  intestine,  after  small  dose  of  adrenalin 
(0.3  cc,  1  :  10,000).     Dog  21  (Reduced  J) 

nalin  employed.  This  constriction  was  more  marked  and  more  pro- 
longed as  the  doses  were  increased  in  magnitude  (see  figs.  5  and  7). 
The  three  others  each  gave  dilatation  at  some  dose  of  adrenalin. 
Two  of  the  three  showed  as  a  first  effect  dilatation  with  small  do^s; 
or,  to  speak  more  accurately,  small  doses  of  adrenalin  set  up  in  these 


jMKk'mdk^^.^^ijf' 
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Ll    I  T"  '"  """  '''^•^^'^"■""  "f  'Jilatati,.n  (^■..  fi^    O      In 

h<,.h  these  organs  the  effect  of  increasing  the  close  was  ...  increa«.  ,h? 

dOK>  caused  only  decrease  .n  volume.     In  the  third  of  these  snl«.n, 
.i.->  of  adrenahn  also  set  up  sc-ries  of  waves,  but  its  JZ  £;:^ 


^nd  marked  dilatation  in  iniesTine  (rX^ T)  "^  "*"'  P™''"""»^'   constriction 

Z  '^'  ''L'J'  ""'"  '"""  '"  '^^''  "^*  administration  of.  relatively 

i;n;£t:uon.^  -^^'"^  -^  ^"''--^  ^'^  -"-'-'-  w- 

KIDNEY 

Th.  upper  part  of  the  ureter  and  the  kidney  vessels  of  one  side 
rnt^w  "  ^'"^'L'-«^»'  --  dissected  out  to  form  a  stalk  The 
-e^n.try  was  removed  as  gently  as  possible  from  the  surface  of  the 
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kidney.  A  few  of  the  larger  vvinH  running  from  it  into  the  (ap-i,. 
were  ligatured.  During  the  disNection  the  kidney  wan  proteclid  ,i. 
completely  as  fx>sNil,u-  with  warm  pudM. 

Four  experiments  in  all  were  |X'rforme<l,  two  on  ratn  and  tw..  .,ii 
•logs.  In  every  caf*;  injections  of  adrenalin  caused  constriction  in  th. 
kidney  (see  figs.  8  and  9);  with  small  doses  of  low  concentration  tlis 


^ 


Pig.  8.  ("oiistrictiDii  of   kidni-v  afti-r  a  lUisc  of  adrenalin  0.2  (.<■„    1  ■  KXUKIO    Ki. 
iluced  J) 

was  the  only  effect  (see  fig.  8);  in  two  cases  the  preliminary  coii>irit- 
tion  caused  by  large  doses  (e.g.,  0.32  cc.  1  :  100,000  per  kiloK'ram). 
such  as  occasioned  a  preliminary  rise  followed  by  a  fall  of  IiI(kk1 
pressure,  was  followed  by  a  dilatation  of  the  organ.  The  curve  ii 
this  dilatation  was  similar  in  form  to  that  familiar  to  us  in  thi  reac- 
tion of  the  intestine  to  large  doses  of  adrenalin.     It  showed  a  ri^€  of 
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I5!i  'rL**''"*'  ""'y  «"«l.'«"y  ''•"""^  to  the  ba*  line.  „„t  U.  ,rr 
170  to  180  m»nd.  had  el«p«U.  and  thu.  continued  long  after  „ 
blood  p.«-urc  had  regained  it»  normal  level.     The  cua*  of  the  ,k.  , 
rence  of  th,«  dilatation  we  were  not  able  to  determine. 

In  concluaion  we  wi.h  to  point  out  that  the  reaction,  of  the  various 
organ,    though  they  may  be  of  a  .imilar  „atu«.  do  not   neceZ 
take  place  at  the  «me  time,  nor  for  the  wm.  do.e.     Thu.  f.^ , 
.tance.  .n  dog  23.  table  2.  though  both  kidney  and  inte.t7ne  ;i>!^^ 
.tncfon  .n  re.ponse  to  .mall  do«.  and  dilatation  in  «.ponK  to  uZ 
one.,  neverthelew  that  do«  of  adrenalin  (0.4  cc.  1 :100.000>er  kilc^jr  Z 
which  I.  enough  to  cau.e  tran.ition  from  a  dilatation  to  a  con.t^ 

Licll/v  '"L"       •  "*'"  if' ^  ""  *"  "°»'''"»  ''"*  «  co„.trictio„  in  ,1, 
kidney.    Numemu.  other  example,  may  be  found  by  reference  to  ,ha, 

That  the  output  of  adrenalin,  which  ha.  been  riiown  by  the  *„rk 

0  .he  a.t  few  year.  (3).  (4).  (5).  to  be  «  .mall  during  normal  q 

1  fe  a.  to  have  no  appreciable  effect  on  blood  pre»ure    ..  augm.^,  , 

luenlnT       ""!  "'  '""''"  ''^'''''"^'"''  "  Well  a.  by  the  a'phyx 
attendant  on  violent  exerc.«.  and    by  H.n»ry   .timulation.  has M. 

Ltr.'"  "rr%u^  experiment,  by  Cannon  and  the  worter.  in     i 
laboratory  (6).    The  exact  extent  of  this  increa«  in  «c«tion  has  not  Cn 

ThlTrir  ZIZ"  ''""'^"  ^I'"'"'' '' '"  »"'"^'*"*  *°  effect  a  ri««  ra.h.r 
the  adrenal  glands  which  ,s  brought  about  by  .timulation  of  the  splan,  h- 
nic  neiTes  supplying  them,  has  shown  that  in  thi.  ca*  the  quantity  h- 

l"J:!i"'  '^'  '^"'^  "^  ^"*''  *'"*^''  ''^^  «  depre««r  effect  on  tl- 
general  blood  pressure;  whether  this  is  al«>  the  ca*  during  the  rcHtx 
stimulation  of  normal  life,  we  are  .till  ignorant.  In  any  case  ' 
shown  by  our  experiments,  the  first  effect  of  th...  outpouring  ofadrt- 
nalm  Jurmg  excitement  must  be  to  cause  a  constriction  of  the  in.es- 
.'on  tnfZ    T'  ^"l«^"^""y'  ^''""Kh  not  alway..  a  similar  constric 

LTh^  r  '"  u'  ^^  ""'  ""^^"^  "•'^'^  "  ''™"«''t  abo"t  a  shifting  of 
the  blood  from  these  organs  to  the  muscles,  which,  as  Hoskins,  Gunning 
and  Berry  (2)  have  shown,  are  at  the  same  time  actively  dilated  If 
as  may  prove  to  be  the  case,  the  output  of  adrenalin  increases  till  the 
concentration  in  the  arterial  blood  is  of  the  order  of  about  one-half  or 
more  than  necessary  to  bring  about  a  rise  in  blood  pressure,  a  dilata- 
tion  of  the  intestine,  and  perhaps  also  of  the  kidney,  must  take  place 
through  the  agency  of  some  central  mechanism,  the  location  of  whi<h' 
and  the  source  of  stimulation  to  which,  are  as  yet  unknown 
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In  invratigMling  ih*  diUialiun  iirrtirrinK  in  varitiu"  organ*  in  th.  I«,|y 
undrr  thr  inrt»»m«r  of  diffcmtt  i-onrpntraiiotu  of  adrrnatin  in  ih.  I,i,.^ 
liriuLiiinK  through  th«m,  «p  hi>|ir«l  lo  gain  «4>mr  light  on  t»M    v.^r,! 
«|u«»iion  of  thr  I'xi.irnii-  of  dilator  fibre*  in  thr  »ympathrti(    i.  rvr, 
I.,  thr  IiIimhI  vi-im.«-I.,     Thf  rxi.tiiu^  of  thmr  haw  lir.n  ck-nird  l.>  tu ms 
.luihoriii...  notiihly  by  Hr.KJif    and    Hixon   (H).  and    by  (  annnn  .,m| 
I  ynian  ((»)      ()n  ihr  olhrr  hand,  tvidrnri-  drdiufd  from  t-xpcrn  unt. 
of  wiikly  diffrring  « harai  t.r  ha»  U-rn  brought  forwani  in  Mi|.|»,rt  „( 
thr  theory  that  dilator  hlifr>i  arr  pnm-nt  in  th«-  b|<KH|  \f»m-U.  .ml  .,r, 
MnMtivr  to  adn-nalin  in  wilution*  Un>  diluir  to  stimulate  thr  .M,lmii. 
of   ihf  ron»tri«tor  fibrti..      r)ak- '»  rxiwrinwnis  on   thr   ri-v«T«.tl  ,,i  -.kr 
iflvtt  of  adrinalin  by  trgotoxin.-  (10).  art-  intirpnicl  to  thi«  .11.,  t  l,^ 
him     Thf  piomnr  work  of  Hnxlic-  and  Dixon  (H)  on  thr  Iumk  .iIi.,„K 
citfd.  and  ilu-  later  nBulis  of  iVolMiuiM  and  Langloii.  (||)  and  i»(»,  i.lK 
thow  of  Knid  Tril*  (12)  wm  lo  |)oint  in  thin  dirertion.  the  dilii.tion 
nbnerxTd  by  Park  (13).  Klliott  (17).  and  Cow  (Ifl).  in  roronary  v.  ,^|,. 
and  that  in  veitneU  of  other  organ*  by  Pari  (1«)  and  by  Ogaw.i    17, 
in  renponiie  to  adrenalin  .iffer  further  proof  of  the  ptHwibility  of  th.  ,x 
inttnre   of   vaito-dilator   fibre*   in    the   itymiwthetir   tiyiitem.     On   iln, 
HUbjert  our  experiment*  have  the  value  only  of  a  negativx-  finding   hut 
a*  far  as  they  carry  u*  we  havi-  found  no  evidence  of  a  direi  t  ,iim 
ulation  of    va*o-dilator    endings    by  adrenalin,  in  any  con.,nir.,i„m 
apprc»aching  that  which  occurs  under  physiological  conditiorisi. 

SUMMARY 

1.  Small  doses  «.f  adrenalin  cause  constriction  of  the  vessel-.  ..f  m 
testine.  of  kiclney.  and  generally  also  of  spleen. 

2.  The  minimal  dose  necessary  to  produce  this  constriction  i,  ,n 
much  the  same  order  of  magnitude  as  that  required  to  cause  .i  l.ill  m 
blood  pressure,  but  it  is  not  necessarily  identical  with  it.  nor  i-  it  tl» 
same  for  evrry  organ  in  the  same  animal. 

3.  Increase  of  the  dose  of  adrenalin  causes  in  all  cases  marki-.l  dila- 
tation  of  the  intestine.  This  dilatation  is  brought  about  b\  .los^s 
materially  less  than  those  which  are  necessary  to  cauw  a  rise  in  k<  neral 
blood  pressure. 

4.  This  dilatation  in  the  intestine  is  under  control  of  the  tentral 
nervous  system,  and  is  done  away  with  by  severing  connection  with 
the  central  nervous  system. 

5.  Adrenalin  in  the  majority  of  cases  has  in  all  doses  a  constrictot 
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l|.  .o  the  pre«..nt    no  satisfactory  explanation  of  the  va.sodilatation 
r.ul.,ng  from  adrena  in  has  Ix-en  offered.    That  it  mightTo    cenS 

ini.  tio„  of  adrenalin.  They  :t:;n;;^:::;x^c  'zi::^'z 

vasomotor  nerves  were  cut       Hnu-,.  ^..r   .k„         i  ""-"on  ii  tne 

^n.  suj.utane..ns  iniectio^  of^X^Hnt  'T^^SZ  ^^ ^^: 
^nW  the  same  for  the  cat  Ix-cau^-  no  dose  of  adrenalin  duses  a  Zo{ 
bliKHl  pressure  m  the  rabbit  as  it  do..'s  in  the  cat 

Dale  s  (2)  theory  that  small  amounts  of  adrenalin  stimulate  vasodi 
lalor  endmgs  wh.le  larger  amounts  bring  vascKonstrictors  into  n^ 
■s  n.,t  supported  by  the  obser^.ation  that'smairamtu    !  of  adren'    fn 
uu*  constnct.on  while  larger  amounts  cau.^  dilatation  of  theTnt  ' 
■ne  of  the  dog  and  cat  (3).     Nor  does  the  hypothesis  of  r-.nnnn        ," 

S   5)^  't^'  '''^r'''  '^'--■^^  '"  ^'^  ^5j:rem:a  LlToVad' 
rinalin  (5).     They  attributed  the  two  eflfects    vasmlJI-,t;,fi^„     V 

;ons-;ction  to  opposite  actions  according^'t^e  ^a  e  o  X  --t" 
rela..a„on  when  ton.cally  shortened,  contraction  when  relaxed 

F.nally  the  work  of  Gruber  (6)  suggests  that  the  central  nervous  sys 
t  m  s  involved  m  the  dilatation  from  adrenalin     He  fot^nd  T.t   I 
ofa<Jenalin  which  caused  dilatation  in  the  normal  "mb  "'he  ^'T 
duced  constriction  when  the  nerves  were  cut  ^ 
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ments  was  taken  from  the  right  carotid  artery  while  adrenalin  w,i.  in. 
jecte<l  into  the  left  external  jugular  vein.  The  limb  volume  was  u-^,,. 
tered  by  means  of  Brodie's  bellows  connected  to  a  glass  cylinder  ent  Iomhk 
the  part.  Intestinal  volume  change  was  also  indicated  by  a  IkI|,,ws 
recorder  connected  to  the  oncometer.  Adrenalin  chloride  (Pirku. 
Davis  and  Company)  was  freshly  prepared  for  each  experiment  by 
diluting  with  distilled  water. 

PROOF    OF    AN    ADRENALIN    VASODILATOR    MECHANISM    IN    THE    CF.MRAL 

NERVOUS   SYSTEM 

/.  By  severing  central  nervous  connection 

a.  In  the  intestine.  Volume  changes  in  the  small  intestine  were 
studied  by  methods  descrilied  in  a  former  research  (3).  The  am.iunt 
of  adrenalin  necessary  to  cause  dilatation  of  the  intestine  was  first  de- 
termined. Connection  with  the  central  nervous  system  was  then  severed 
by  cutting  the  splanchnics  or  by  removing  the  coeliac  and  supinur 
mesenteric  ganglia.  This  caused  obliteration  of  the  intestinal  dilat.iti.n 
from  adrenalin  and  in  all  except  one  case  it  was  replaced  by  prolnnj-d 
constriction.  Three  dogs  and  four  cats  were  studied.  Connertion 
with  the  central  nervous  system  seemed  to  be  necessary  for  the  pro- 
duction of  the  intestinal  dilatation  occurring  with  larger  doses  of  adre- 
nalin. We  say  larger  doses  because  occasionally  there  is  dilatation 
resulting  from  small  doses,  which  may  be  accounted  for  by  the  relaxa- 
tion of  the  intestinal  walls  ((3),  p.  316). 

b.  In  the  limb.  Although  both  dogs  and  cats  were  employed  in  the 
study  of  limb  dilatation,  because  of  the  greater  proportion  of  skin  to 
muscle  vessels  in  the  limb  of  the  dog,  cats  served  our  purpose  best. 
Hoskins,  Gunning  and  Berry  (7)  have  shown  that  the  skin  acts  by  con- 
striction to  small  doses  of  adrenalin. 

Simultaneous  records  were  made  of  the  volume  changes  of  the  two 
hind  limbs  after  one  limb  had  been  denervated.  In  denervation  the 
femoral  and  sciatic  nerves  were  cut  as  high  up  as  possible  through 
slits  in  the  sfcin,  which  were  sewn  up  immediately  after.  In  this  way 
the  part  played  by  the  central  nervous  system  in  the  dilatation  from 
adrenalin  could  easily  be  shown.  The  two  cylinders  were  of  the  same 
size  and  enclosed  approximately  an  equal  volume  of  limb.  Moreover 
the  cuffs  of  the  plethysmograph  were  placed  high  up  on  the  limb  so  that 
muscle  predominated  over  skin. 

Small  doses  of  adrenalin  usually  gave  dilatation  in  the  normal  limb  and 
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ronstnction  m  the  denervated  limb.  Large  <l,«i«.  .uch  an  th.me  which 
usi«.|ly  produce  a  rise  in  bl.KKl  pressure,  causetl  <onstric»ion  in  both 
hmbs.  Ten  cats  out  of  fifteen  gave  this  result.  Four  showed  little 
or  no  change  in  the  normal  limb  in  rcs{K)nse  to  small  doses  of  adrenalin 
That  this  failure  of  the  normal  limb  to  dilate  might  l«  due  to  a  predomi- 
nance of  skin  effects  is  not  probable,  for  one  of  these  limbs  was  skinned 
without  mo<lifying  the  reaction.' 


The  fifth  cat  (weight  4  kgm.)  which  was  an  exception  as  far  as  the 
response  m  the  normal  limb  was  concerned,  was  the  most  sensitive  to 
adrenalin  of  any  cat  which  has  come  under  our  observation.      Fven 
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J.  mm.  .„  1J()  „,m  wink.  0.2  o..  1  1,,MK),()(M.  „„,  .,nlv  ,,n„Iure,l  .. 
'all  ..f  hl.KKl  prc.s.surf  from  127  mm.  to  IW  mm..  I,u,  hn.uKh.  al.o..t  ro„. 
.trut.on  .„  I,„th  normal  .,hI  .Inurvau-.l  limt...  How.vv,  .h.-ri-  is 
this  to  U-  >a.,|  alH„„  ,|KM-  ox.vp.ional  caH„:  ,!»•  normal  iimi,  usually 
ntht-r  R.v,H  no  .onMr.ction  or  d^t-  murh  le^n  .•onsfriction  as  .,.m,K.r.-.l 
to  thi- d<.ntrvat..,l  hml,.  S.  althouKh  tlu-re  ,nav  Ik-  „o  ...si.iv  .lilata- 
tum  there  must  U-  enousl,  in  the  normal  liml.  to  li>son  ..r  else  obliterate 
the  local  constrictor  effect  of  adrenalin. 

The  f..|lowinK  i**  a  typical  e.xfx-rinunt  of  the  ten  which  gavr  positi.- 
dilatation:  ' 

^'o''  «*■>>*' .?.J  *«WJ.  (Set  fits,  t  and  j) 
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The  dilatation  in  the  dener%ated  limb  was  passive  Ijecause  it  occurred 
at  the  same  time  that  the  bl,K,d  pressure  began  to  rise  and  lasted  no 
onger  than  the  rise.  This  dilatation  was  cut  short  or  obliterated  with 
larger  doses  of  adrenalin.  Dilatation  in  the  normal  limb  came  later 
than  in  the  denervated  limb  and  lasted  as  long  as  the  bloo<l  pressure 
was  l)elow  normal. 

This  difference  in  reaction  between  the  denervated  and  normal  limbs 
IS  not  due,  as  Cunning  (8)  suggests,  to  extreme  dilatation  of  the  dener- 
vated hmb  resulting  from  the  absence  of  vasoconstrictor  impulses  A 
depressor  substance  obtained  fr.m  ox  pituitaries  was  injected  into  the 
aninial  that  pn-luced  figures  1  and  2.  The  dilatation  of  the  denervated 
liinf.  was  as  great  as  that  in  the  normal  limb,  showing  that  the  limit  had 
not  l«en  reached. 
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In  one  dog  (17  kum.)  a  ptethy»mograph  wan  placed  t«>  an  to  includt  i 
hinil  liml)  just  above  the  ankle.  Ad:i.-nalin  was  injected  into  the  cin  u. 
lation.  As  a  ret.ult  the  limb  was  amstricted  as  much  as  0.66  cc.  in  <.ti. 
instance  and  as  little  as  0.3  cc.  in  another.  Without  disturbinK  the 
plethysmograph  U)th  femf>ral  and  sciatic  nerves  to  the  enclo«e<i  limh 
were  then  sewred.  The  same  amount  of  adrenalin  (0.2  cc,  I  :  lO.tMK)) 
was  injected  as  before  with  a  resulting  constriction  of  1  cc.  or  mon  in 
ev^ry  instance.     Moreovt-r  the  duration  of  constriction  in  the  dinir- 


V 


Fig.  3.  Same  as  figure  I  in  responK  to  0.5  re.  adrenalin,  1:10,000.     (Reduced  i  ; 

vated  limb  was  almost  twice  as  long  as  that  before  cueing  central 
nervous  connection  (fig.  4).  The  greater  and  more  prolonged  constric- 
tion, after  the  nerves  were  cut,  wa>  no  doubt  due  to  absence  of  dilata- 
tion from  central  nervous  influence.  This  explanation  also  probably 
applies  to  one  of  the  cats  which  failed  to  give  dilatation  in  the  normal 
limb,  for  the  constriction  in  the  normal  limb  was  always  decidedly  less 
than  in  the  denervated  limb. 

We  attempted  to  demonstrate  the  necessity  of  central  nervous  lon- 
nection  for  dilatation  from  adrenalin  in  another  way.    The  dose  which 
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ga.r  the  maximum  fall  in  I.I.hkI  pre^iure  wan  .k-tirmi.....!.  A  numUr  of 
inje. tionH  were  made  m,  that  the  average  might  U-  f„u,„t.  After  .ut- 
(inu  the  nerve,  to  the  limb,  ti.c  percentage  fall  in  hl.KKl  pressure  from 


Fig.  4.  Increa«..  of  constriction  in  a  do^',  f.«t  by  .k.troyinK  crntr.,1  nervow,  con- 


ij 


the  same  dose  was  ascertained.     Acconling  to  the  evidence  iu-st  Hub- 
mttttd  the  percentage  fall  should  decrease  with  every  limb  denervated 
In  the  first  an.mal.  a  rat  weighing  1.3  kgm.,  0.2  cc.  adrenalin,  1 :100,000 
cau»..,|  a  fall    m    blotnf    pressure  of    18.7    per    cent   (from  123  mm  ) 
After  cutting    the    left    brachial     plexus 
the  .same  dose  produced  a  fall  in  blood 
pres.sure    of    12.2    per    cent,    (from    114 
miti.).    Cutting  the  right  brachial  plexus 
reduced  the  fall  to  9  per  cent  (from  100 
mm.). 

A  cat  weighing  2.3  kgms.  responded 
to  O.I  cc.  adrenalin.  1:100,000  by  an 
8  per  cent  fall  in  blood  pressure  (from 
150  mm.),  and  to  0.3  cc.  adrenalin. 
1:100,000  by  an  average  fall  of  16.6 
per  cent  (4  injections).  When  both 
brachial  plexuses  and  both  femoral  and 
sciatic  nerves  had  been  cut  the  per- 
centage   fall     from     0.1     cc.     adrenalin. 

1:100,000  was  2.7  while  from  0  3  cc  ,.•"'«•«•  B'°°^)  Pressure  reac 
adrenalin,  1:100,000  the  average  fall  (4  ^T.L^foS'l^fe^^Sni'.THe 
injections)  was  9.3  per  cent   (from   112      "^i^es  to  the  limbs,    a.  Before; 

mm.),  (see  de.  5)  ''/v.^'l"'  S^^  weighing  2.3  kgms. 

*  (Reducerf  J.) 
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The  abf»T  «l(>»*it  wt-rt-  Mt  mnall  that  thr  inimtinc  Wf>ul(l  iwanrls  ,..„ 
tribiitf  tei  thf  (all  in  M«i«kI  prt-xMin-  AfliT  (lilatatirm  in  thi-  linil>.  Imi 
li«*n  pri-vfnti'il  by  (l«».troyinii  the  antral  ni-rvous  <  imnntion  t',n 
Mill  n-main<-(l  lh«-  im|K)rtant  hark,  thrst,  Mhouldcr  anil  hip  niuil. ., 
which  rasily  arrountH  for  thf  larije  (irri-rntaKv  fail  Ktill  obtained,  <  >n  ih. 
whole,  this  «'VKlenrt'  teniN  to  >tup|Mirt  our  plethyHmtiKraphic  prooi  oi  i 
central  nerMtux  function  in  adrenalin.  bliNMl  preitHure  fall. 


2.  By  perfusion  exptrimtnis 

A  conclusive  methixi  of  proviuK  that  the  dilatation  from  adnn.ilm 
in  due  to  a  central  ner\'oU!i  niechaninrn  was  devised.  The  fwri  i.,  Id 
Ntudird,  limb  or  intt'»tine.  wah  cut  ofT  from  the  Innly  circulali-m  m<\ 
perfuwd  with  warm  oxygenated  Rinuer's  solution.  The  m-rve*  in  ih,. 
pi»rt  were  Icfi  intact.  Dilatation  of  the  piart  was  ascertained  by  « iilur 
the  variation  in  outflow  of  thi  perfusing  fluid  or  by  means  of  a  pU  iliv- 
mograph.  Injectioni*  of  adrenalin  were  then  ma«le  into  the  IhhK  ,  ir. 
culation  and  their  effect  upon  the  organ  in  question  noted. 

The  prefuHion  fluid,  oxygenaterl  Ringer's  solution  or  defibrinated  IiIihhI 
mixed  with  Ringer's  solution,  was  warmed  by  piissiing  it  through  ,i  iuIh 
enclosed  in  a  cylinder  thniugh  which  w.irm  water  circulate*!,  llu 
apparatus  was  a  modification  of  that  described  by  UnKlie  and  <  ullis 
(9).  A  small  thermometer  inserted  into  the  solution,  by  me.m-  ni  a 
T-tubc,  just  before  it  entered  the  perfusion  cannula  enabled  ii>  ii. 
know  the  temperature  as  it  started  through  the  organ.  Pressiin  w.i. 
produced  by  compressed  air  led  into  the  bottle  containing  the  iKrlii-mn 
fluid.     The  pre.ssure  was  controlled  by  means  of  a  mercury  valve. 

The  temperature  of  the  liquid  as  it  actually  entered  the  orgcin  w.i- 
maintained  in  the  neighborhood  of  37"*C'.  The  pressure  was  UMuilly 
somewhat  below  the  general  blood  pressure. 

To  perfuse  an  intestinal  Uxip  without  injuring  its  nerves  large  .iiiiin.iN 
were  almost  necessary.  A  Untp  of  intestine  of  a  dog  weighing  l.'i  kniii> 
was  petfused  with  a  mixture  of  defibrinated  blcKnl  and  warm  Riiimr- 
solution  after  the  circulation  had  been  entirely  ut  off.  The  [xrfii>i(in 
pressure  was  \2\,  mm.  of  mercury.  The  intestine  was  then  endi'-nl  in 
an  oncometef.  Injection  of  0..5  cc.  adrenalin,  1 :1(),000  into  an  ixunuil 
jugular  vein  caused  a  rise  and  fall  in  the  bicK>d  pressure  (I'M  nini  tn 
156  mm.  to  93  mm.)  and  a  dilatation  in  the  intestinal  loop  which  kiu'I 

the  adrenalin  itself.     A  larger  iiijii- 
caused  a 


in  no  pK)ssible  way  be  reached 
tion  of  adrenalin  2.0  cc,  1 :10,C 


in  blood  presMirt 


l!l7 
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mm  to  \T2  mm.)  and  4  murkr<l  (iilMtalicin  «>f  ihr  in(«-«tinc  Th«'  .lilai.i- 
tkiM  of  thr  inlrntirtt?  wan  411  omp.um.1  by  .m  in>  riM^rtl  utitHow  of  thv 
[xrliMion  fluid. 

\\V  next  prrfuwd  one  fiind  limf>  of  another  doK  (ft  4  kgnw  )  The  iwr- 
fu«i".ii  fluid  wan  foriT.I  into  iht-  frnwiral  artrry  and  any  « hangi-  in  iIh- 
linili  vfmtrU  wan  drtrrminr«l  liy  nu'a».urin|{  the  outflow  from  thf  ftnioral 
\.iii  An  injection  of  0  2  ci .  adr.naiin,  1  IO,(NN)  rau«.<l  an  iniria-*'  in 
ih.  (.ulflow  from  the  femoral  vein.  In  onler  to  rut  ofT  the  rest  of  the 
limli  from  the  IkkIv  rinulation  nearly  all  of  the  muiicleH  were  cut  <lown 
In  the  lH)ne.  care  lieing  taken  to  leave  the  nerve*  intart.  The  ^anu- 
(low  of  atlrenalin  prcMlured  a  deerea«e  in  the  outflow.  A[)|»arently 
wme  adrenalin  wan  utill  reaching  the  limb  fhux  raujtinK  constriction 
jn<l  the  vaufKlilator  mechanittm  wan  |K'rha|>fi  inhibitetl  by  the  vigorous 
upcraiion  of  cutting  the  muwlett. 

The  in(e«tine  ami  limb  of  a  third  dog  (23.5  kgrn*.  in  weight)  were  fier- 
fused.  The  intestine  employed  wa*  20  cm.  long.  It  could  not  lie  in- 
(lutiiccd  directly  by  the  adrenalin  injected  iis  it  waH  entirely  cut  oflf 
Ir-.m  the  Ixnly  circulation;  0.7  cc.  adrenalin.  I  :  10,000,  injected  into 
(he  jugular  vein  caused  a  dilatation  (»f  0.28  cc.  in  the  perfumd  intesti- 
nal loop;  3  cc.  adrenalV.,  1:10,000  into  the  general  circulation  |>r.Mluced 
a  ililatati«)n  of  0.88  cc.  in  the  p.  There  was  also  a  measurable  in- 
rrcuM-  in  the  venous  outflow  froi.    the  intestine. 

One  hind  limb  of  this  dog  was  included  in  a  plethysnuigraph.  The 
c>limler  was  large  enough  to  inclu<le  a  major  portion  of  'he  limb.  Ue- 
fnre  its  circulation  was  interfered  with,  0.5  cc.  adrenalin  1:10,(KK)  in- 
jected into  the  general  circulation  caused  a  dilataticm  of  0.86  cc.  (see 
tig.  t>).  Cannulac  were  inserted  int«  the  iliac  artery  and  vein  just  bc- 
k)w  the  bifur  ition.  The  aorta  was  clamped  considerably  above  the 
iliacs  in  ord«  to  prevent  access  of  bl<xKl  to  the  perfused  limb  by  anas- 
tomoses, kiiiger's  solution  at  a  temperature  of  ■M°C.  entered  the 
limb  by  way  of  the  iliac  artery  under  pressure  of  100  mm.  of  mercury. 
The  same  amount  of  adrenalin  as  Mare  was  injected  into  the  general 
rinulation.  The  first  time  the  perfused  limb  dilated  0.68  cc.  while  at 
the  second  injection  the  expansion  was  O.W  cc.  In  other  words  the 
amount  of  dilatation  was  alxiut  the  same  when  circulatiiry  connection 
was  destroyed  as  when  it  was  intact  (see  figs.  7  and  8). 

Thf  amount  of  dilatation  varied  with  the  dose;  0.25  cc,  1:10,000 
gave  0.27  cc,  while  1  cc,  1:10,{M)0  gave  1.59  cc  After  the  limb  had 
bc*n  perfused  one  and  one-half  hours,  1.0  cc  adrenalin.  1:10,(M)0  into 
tht  jugular  vein  gave  only  0.72  cc  dilatation.     Another  interesting 
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F.tf  0    DiUtAium  of  a  fwrruiwl  liiop  „f  intr.tini',  »huh  hat  no  .onnnih.,,  »„h 
the  Uxly  criuUtion,  in  n'*|»n>r  to  .i.lrrnalm   CJO  n  ,    I  lO.OOIJl  iniritr.!  in,„  ,h. 


,.'■'«■  ^ . '.^"'•f*",""  "'  ^  <l««'i>  himi  liml)  in  rriponw  tu  0.5  cc.  adrenalin,  1  loiHW 
I)<)ti  »ciKhini{  23.5  kgnu.     (Reduce*!  J.) 


MMNANUM  or   AIWRHALIM    VAMJOtLArATUlM 


M.1 


(*!  »j*  ihr  |irm«trn<v  of  ililatdlicin  in  the  iwrdmrti  limb  Thr  intact 
liitti'  rrturncit  In  nornMl  in  •uty-fiv'r  wtotuU  whrn  it  «l«>w  ii(  0  5  re. 
j,|ftn4lin.  I  IO.UI)l)  w«»  livrn.  ttrhikc  ih»  »*nw  limb  {wrfuiril  rvturnr<l 
„t\  ,|<»wly  iir  ni»l  at  alt  aftrr  <i  ■imilar  diUiaiion  (n»m  ^itrrnalm 

Hui.  wr  ha%r  jKiivrn  U.th  by  <u(linK  thr  mrve.  ami  by  iir.(n>yinK 
thr  .inuUtiiry  r.>nnr(ti.m  that  thr  iliUtdllon  rriim  odrvniilin.  in  thr 
ntr-iinr  ami  in  thr  limb,  i*  <lur  tu  mimr  irntMl  nrrvituii  mrrhitniMn. 


r» 


fm  H.  Rmpmiw  e>f  —nw  limb  a>  in  tifure  7.  *fler  <onnmk>n  with  the  body  clr- 
fiiUiKMi  h««  bn-n  •jrairuynl  (>Fr(uMNt  with  »«yg»nair<l  Ringrr'*  aulution.  NvrvoiM 
imnwiion  intail.  Adrtivilin  (O.ft  cc,  I:1U,(NW>  initrtnl  intu  juvular  vein. 
RHucnl  |.) 

IMIIIilTrON    OF   THIi    ADRtCN.M.IN    VA<M)l>ILATOII   MKCHANISM 

.Although  «>nly  afwut  5  per  c-rnt  to  10  ptr  cent  of  cats  and  jlogt.  fail 
I"  givf  a  fall  in  bUnKl  prrwttire  with  i»mall  (Umes  of  adrenalin,  many  of 
thoM-  .iiiinialH  arr  not  normal  in  other  ways.  In  a  former  study  (  (5) 
P  4-4;i)  three  «»ut  of  five  »urh  caitei*  were  cliiieaMed  or  emaciated  while  a 
fiiurili  had  Iwen  intoxicated  with  alcohol  a  few  h«>uni  licfore.  More 
rmiiilv  we  have  investigated  a  case  (cat  weighing  2.4  kgms.),  in  which 
ihtrt  was  either  «mly  a  slight  fall  or  else  no  fall  in  blood  pressure  with 
lii^^  «(  adrenalin  as  small  as  0.1  cc.  or  0.2  cc,  1 :1, 000,000.  The  intcs- 
tim-  wax  placed  in  an  (mcometer  and  gave  dilatation  after  the  injection 
of  0.")  n.  adrenalin,  1:10,000  into  the  circulation.  So  in  spite  of  the 
f.tit  ih.it  then-  may  l>e  no  definite  fall  in  blood  pressure,  dilatation  of 
the  intistine  may  occur. 

Thrsf  observations  kept  us  on  the  IfK)kout  for  other  conditions  which 
miKhi  inhibit  the  adrenalin  vas<Klilator  mechanism.     We  found  a  cat 
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wvighini  4 ;»  kiin*  whkh  ptv^  «  Uil  in  likuwl  |>r«-*Mirp  <>(  ii«l>  t.  mm 
(from  113  mm  )  wiih  0«  rr  Atirrn«lm.  I  im.iilKI  ,\i  ihr  »>•>.  i,™, 
ihrrv  »«■  liiilr  ttr  tut  tlktt  >m  ihr  VDlumr  <>l  ttr  n<»rm«ti  liml.  \.. 
ridlpil  wiih  ihU  |ii»w  mi()i(««r  «r4«  a  vrry  i|<irk  \riwiu*  ti>|i>m|  (.|...|  ,„ 
Ihr  drlrrka,  Thrrr  hitii  \»tt%  >  nihrr  mign*  of  dsphyxM  A  |>l>t«  ,( 
miii-u*  In  Ihr  iroihr*  »4«  fin.  Srwrai  minulro  iiflrr  ihr  rr.»..f  n,^ 

iir  vrntilaiMMi  l>y  rrmovul  of  ihr  miHu*  05  »«,  .ulrmalin,  I  tmMmu 
prtKliirnl  rt  fdll  in  hUmnl  f>rrMurr  of  »M  mm.  fri«n  140  mm.  with  •I.l4t4e»m 
of  Ihr  »M>rm.il  limb,     in  ihl«  «nmtal  (lariial  4«|>hyxij  ■rrmr.l  t..  ,,„,■ 

ilw*  imom|ilrip  inhihiiion  of  ih*-  .i.ltin.ilin 
v.i«>Mlilalor  mrchtintMn. 

VW    hail    iHittaiim     In    rmploy    .iii.«.i,n 

inianufai  luml  by  Wingiiir  Chrmii.il  (  ,,ni 

|Mny,  l.lil  ,  Mitntrcil)  4»  a  Uh:i\  an-MMhrti. 

in   laking  bkMnl   |>fi<iMurr  from  a  il<n(  ■.  (r. 

nHiral  arlrry,      injtrlton*  of   mln-ii.ihn  ,„ 

iliiw*  whirh   in  oihrr  iinimalii  gavi'    i  f4ll 

in  IiIoimI  |irc»ouri>  < auxrd  riihrr  no  iKn i  „f 

only  u  ri«r  in  bliNKi  prriMUiv.     In  onkr  u> 

lirirrminr  whrlhrr   ihr  abnormal   ri'-iNmir 

«aa  ilgr  lo  unorain  a  tat  (weight  2  2  kgrns  i 

*        .TMlly   f  ,".1.  nvi\   to  the  boanl  wi(h.mt 

il»    being    aUrmrti.      Thrn    a    «)lulit>n  M 

anorain  (0.0ft  gram)  wan  injrrted  inii>  ihr 

•kin  ami  lairr  ihr  muM-lm  on  rithrr  »ic|r  <i( 

Ihr   frmoral   artery.     Aclrrnalin.    1  KKMMM 

wan  injrctwl  into  the  frmnral  vein,     Blm*! 

pn-iwurr   wan   rfgi»trrrd    fn>m    the   ftinoral 

artery;  0.1  re.  rauiril  a  risr  of  15  mm   inm 

IHO  mm.;  0.5  tr.  inrreawci  the  WoikI  jim- 

KUrt'  20  mm.    from   192  mm.,   (ftee  hji   9i 

Following    thin   the  rat   wan   placeil   imdrr 

the  inHuenrr  of  ether,    Thirty  minutr^  aftrr 

the  aiNive  rrarlion  with  ;  nocain  anat-iluMj, 

0.1  IT.  adrenalin  priKlut-ed  a  fall  of  10  mm 

in  bliMnl  preKKure  (from  175  mm.)  wliilf  ().') 

cc.  decreawd  the  bloo<l  prewiurf  24  mm.  (from  173  mm). 

One  hour  after  anocain  had  lieen  given.  0.5  cc.  adrenalin  priHlim.l  a 
fall  of  ;H  mm.  (from  175  mm.,  M-e  fig.  »).  AruKain  wan  again  k'ivrn 
intramuMularly  after  which  adrenalin  produced  nothing  but  a  rise  in 
blcMKl  presMire. 


Fit.  0.  RevrfMl  of  fjowl 
preMure  rrtponir  to  0,4  rr. 
mlrnulin  I  :  IIKMHIU,  4fcrr  in- 
jecting dmkjiin.  a.  Hcfurr 
injrctinii  anorain:  6,  atier  in- 
jection of  anordin.  Cal 
wrighinK  2  2  kgmi.  (R». 
liiicrd  |.) 


MtiHAMXM  tW   hU%UHiU.tM    VAMlUtl.Ar «?••>!« 


MA 


iinirtl  upim  ihr  in|r<  (ion  „t  iht>  imimI  (1<m«-  »A  dilrvnalm 

Th-  r«|irfimr«i  «4>  rr|irrtinl  in  4n<>lhrr  14I   wiih  .imtbr  muUm 
%t  *,^M  rmKltfir  iImi  4)t.»<ttn  inhilNU  ll^  4<i|fMi  ,ti  ihr  ^tlrrnahn 

v«a»ltUltif  inr<  hiinisni 

IVm-  i*  ««m.  rvMlcnip  thai  iliUl4lii»n  ..r  d  timh  may  Iw  |wr%rniri| 
kftflrmit  imiMilir.  »r..m  th<*i  |Mri  M4ny  i.f  ihr  rK|irrinH-nu  whu  K 
pw  .10  HiLlitlfam  fnKit  4.lrrnrflin  in  ihf  nornwl  limli  wrrr  iirrfurnwil  in 
,a*l  kUir4l..r>  (|.V(  ,»  h».).  AUh...,Kh  ihr  ..|wr4iing  uhlr  w«. 
t*«nr.l.  ihr  limlM  wrrt  nwrr  m  w«rm  a.  ihr  h ..  k  of  ih«-  anintal 
In4ii<c  Ih*  irmia-ruiurr  wu.  much  |/«wr  lh4n  in  numi  of  <Hir  mi. .i-«.f ul 
nprrinrnu  mr  thonghi  lh4t  il  might  I.-  ihr  ...u«c  .,|  .,  UwaI  inhii.iiion 
•rf  diLiMiKw  in  Ihr  limh.  I)ibt4ii<m  fr»«n  MlmiMlin  W4»  ««.  urring  Mmir 
thrrr  tn  ihr  anim«l  (..r  ihrrr  W4»  4  m4rkr.|  fjM  ,„  »,J„„|  prr«.iirr  with 
(tr  u.ual  diHW  Thr  inlr.tinr  »a»  ih.I  itil.iiing  lir.au*-  ihr  tUm-  of 
*ffrft.ilin  wan  U  l.m  ihr  in..»iiniil  .Iil4t4ii.>n  ihrri.h..W.  nnw^vrr  ihr  I.M>p 
M  ih«  tnlr*iinr  in  thr  oni.mirtrr  wa»  nm»iri.ling  \Vr  iiMun»r.l  that 
fhr  .l.l.iiaii..n  miikt  t.ikr  |»Ut*  in  ihr  mum  In.  whiih  wrrr  krpi  warm. 
wrh  j»  Ihr  Iki. k  nni«lr«  T«.  invrniigjir  thin  4<.>.umpii«m  wr  wanncl 
ih»  m.rmiil  limb  wiih  hrat  fmm  an  rhrtrit  lamp,  Aftrr  the  limli  haii 
««.!  liilating  fn>m  thr  artifirial  hrat  thr  u*ual  <t.»r  „f  a.lrrnalin  in- 
IKtcl  into  ih«  grnrral  rir.ulation  lauMHJ  an  in.rram'  in  vi.lumr  ni  the 
Srib  f'rrvi.miily  thr  ...nir  .!,««.  „f  „lmialin  pr.Hlu<-r«l  rithrr  m,  effect 
of  rim-  amttrittMin  in  liir  miht  limb. 

It  «-rm»  alwi  that  cutting  thr  mumk-i.  in  a  limb  may  inhibit  thrclila- 
utHifi  from  aflrrnalin  tn  ..nr  of  the  hr»t  (x-rfu-ion  rxprrimrnti.  men- 
i»«ir.|  alKivr.  thr  rr»|ioniir  to  thr  UMiial  .lilator.liHie  of  ailrrnalin  wan 
.hafl|tr.l  to  ronntriction  by  rutting  |Mrt  of  thr  mu»clr»  of  the  thigh 
ilthftugh  thr  nervrK  wrrr  ruit  injureii. 

HKHAVIOK  OF   TIIK   ADRENALIN   VASODILATOR    MKCHANI<«M 

Simiiltanr.)UH  nconln  of  thr  volume  change*  of  the  intestine,  normal 
hmil  limb  ami  (lenervat«l  hind  limb  together  with  the  bl.xKl  preMure 
m  rrMonne  to  adrenalin,  were  obtained  from  thirteen  cats.  Whether 
It*  shold  done  f.ir  constriction  in  the  normal  limb  was  also  the 
thrrM..,i<|  doae  for  dilatation  in  the  intestine  could  l>c  answercil  in  thin 
mannrr 

l>ur  .it)f)aratu«  showed  that  the  threshold  dose  for  dilatai  in  the 
Itmb  was  a  little  larger  than  the  smallest  dose  causing  a  blood  pressure 
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(all.  while  the  threshold  <iose  for  intestinal  dilatation  was  usuall\  (,„ir 
or  five  times  as  large  as  the  threshold  dose  for  the  limb.  Nor  d(H ,  thf 
intestinal  dilatation  reciprocate  the  action  of  the  normal  limb  lor  ihf 
latter  usually  continues  to  dilate-  some  time  after  the  threshold  d,,^.  f„r 
dilatation  of  the  former  has  been  reached.  Moreover  there  is  an  imiwr- 
tant  distinction  in  the  behavior  of  the  limb  and  intestine.  If  we  \ix,V 
at  the  effects  on  these  respective  parts  with  increasing  doses  «,•  #« 
that  although  the  dilatation  of  the  limb  increases  with  increasing  .lose, 
up  to  a  certain  point,  beyond  that  the  dilatation  becomes  less  aiul  less 
until  constriction  results.  On  the  other  hand  constriction  is  tho  first 
adrenalin  effect  in  the  intestine,  while  with  increasing  doses  dij.it.uion 
appears  and  becomes  larger  and  larger  but  is  never  replaced  ly  con- 
striction  after  the  maximum  is  reached.  Stated  in  another  way,  -mall 
doses  of  adrenalin  act  on  the  adrenalin  va>Hidilator  mechanism  f..r  the 
limb  while  large  doses  act  on  the  adrenalin  vasodilator  mechaniMii  for 
the  intestine.  Figures  1.  2  and  3  picture  the  results  with  inrnasing 
doses  of  adrenalin.  The  following  experiment  illustrates  the  (,mx'>m 
statements:- 

Cat,  weight  J.J  kgrns. 


DOSK  or 
ADmiNAtlN 

1 :  10U,biJI) 


cc. 
0  2 
0  6 
1.0 
2  0 
0  5 
(!:10,000) 


ni.OOD   PUBS*  JR.- 

CHANGE   IN 

MILLlMKTEllS   OF 

HKRCUItV 


NORMAL   LIMB 


126-135-107 
124-140-106 
125-141-112 
132-153-119 
127-196-  89 


Dibta 
tior 

Conitric 
tion 

CC. 

0  13 

CC. 

0  26 

0  25 

0  20 

0  13 

0  63 

DENHVATU)  LIMB 


DiUta-    j  Conitric - 
tion        I       tion 


0  15 
0  10 
0  10 
0  12 


CC. 

0  2 
0  6 
0.55 
0  85 
1.45 


Constric- 
tion 


CC. 
0  23 
0  5 
O.IS 
0  63 
1.22 


1)|I.1U- 
tmn 


10 

1  ■.>■.' 
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AN     INTERPRETATION     OF     THE     ERGOTOXINE     REVERSAL    OF     ADRKNALI.V 

ACTION 

Dale  (10)  has  shown  that  ergotoxine  inhibits  the  action  of  the  endings 
of  constrictor  fibers.  Instead  of  assuming  as  Dale  suggests  that  the 
fall  in  blood  pressure  from  pressor  doses  of  adrenalin  after  ergotoxine 
is  due  to  stimulation  of  vasodilator  endings,  in  the  light  of  our  present 
research  we  would  interpret  it  in  another  way.  We  suggest  that  che 
fall  is  due  to  stimulation  of  the  ce-^'-al  vasodilator  mechanism  b\  adre- 
nalin and  failure  to  stimulate  tl     constrictor  endings  because  \,{  their 
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paralysis  by  ergo,  r  ^nr .  While  constrictor  endings  function  norm.illv 
the»r  total  efT  ,  ,.  ^,e.u..r  than  .hat  of  the  vasodilator  mechanism  when 
pres-sor  doses  >t  a-lrennl.i,  at  •  :  -jected.  In  a  cat  we  were  able  to  .)btain 
evidence  >n  ;p,..rt  r.f  ,;,i.  interpretation.  We  first  determined  the 
rtsptmse  of  r  >-r..al  linN,  d.  ner/ated  limb  and  intestine  to  adrenalin 
Ergotoxine  phosphate  was  „iven  until  the  denervated  limb  which  previ- 
oulsy  had  given  constriction,  gave  no  response  to  adrenalin.  The  normal 
limb  still  responded  by  dilatation.  With  larger  doses  of  adrenalin  the 
intestme  dilated  also. 

There  is  additional  evidence  that  our  interpretation  of  ergotoxine 
r«ve:  «l  is  correct,  in  the  failure  to  obtain  a  reversal  in  the  rabbit  after 
ergotoxme  (10).    Unpublished  work  from  this  laboratory  shows  that  the 
rabbit  does  not  possess  the  adrenalin  vasodilator  mechanism-  that  is 
adrenalin  will  not  cause  vasodilatation  in  the  limb  or  in  the  intestine. 

LOCATION   OF   THE   ADRKNALIN   VASODILATOR   MECHANISM 

We  have  proven  by  experiment  that  destruction  of  the  cerebrum 
does  not  prevent  the  vasodilatation  from  adrenalin. 

A  cat  (2.8  kgms.)  gave  a  fall  in  blood  pressure  of  29  mm  from  150 
mm.  with  0.2  cc.  adrenalin.  1:100,000.  After  removal  of  the  cerebrum 
the  same  dose  produced  a  fall  of  22  mm.  from  114  mm.  Further  in- 
vestigation is  being  carried  on  as  to  the  location  of  the  adrenalin  vaso- 
dilator mechanism. 

We  have  been  able  to  show  that  the  central  nervous  system  is  neces- 
sary for  active  dilatation  resulting  from  adrenalin.  Just  how  this 
mechanism  is  brought  into  action,  it  is  impossible  to  say  at  the  present 
time.  The  use  of  such  a  mechanism  is  obvious  in  case  of  muscle,  but 
the  object  of  vasodilatation  in  the  intestine  is  not  evident. 

SUMMARY 

1.  Adrenalin  vasodilatation  in  the  intestine  and  limb  is  prevented 
by  cutting  the  nerves  to  these  organs. 

2.  A  perfused  limb  or  intestinal  loop  with  nerves  intact  but  without 
circulatory  connection  will  dilate  when  the  appropriate  amount  of 
adrenalin  is  injected  into  the  general  circulation. 

3.  Ill  health,  asphyxia,  alcohol  or  anocain  may  inhibit  the  action  of 
the  adrenalin  vasodilator  mechanism. 

4.  Afferent  impulses  such  as  result  from  cooling  or  from  cutting  the 
muscles  of  a  limb  may  impair  or  inhibit  the  adrenalin  dilator  reaction 
m  that  part. 
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5.  The  dilatation  from  adrt'nalin  in  a  norma  limb   is   prcMliKi^ 
smaller    amounts    of    adrenalin    than    thost-    which    cause    inK 
dilatation. 

11.  I.imI)  dilatation  is  replaced  by  constriction  if  the  adrenalin 
Mittu  ient  quantity. 

7.   Intestinal  dilatation  is  never  replaced  by  constriction  if  thi 
is  aiiove  the  dilatation  threshold. 

H.  Krgotoxine  reversal  of  adrenalin  pressor  effects  is  account!  i 
liy  jjaralysisof  the  vase  c<mstrictors  which  mask  the  adrenalin  \axp<li 
mechanism  when  large  doses  of  adrenalin  are  used. 

H.  The  adrenalin  vasodilator  mechanism  is  not  located  in 
cerebrum. 
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